The use of a spoon for eating is one of the first tool-using skills acquired by most infants. The article provides a description and analysis of how the skill is built during the second year of life. A number of behavior categories were identified and measures were developed from a pilot study on a group of infants aged 10-58 months. Two groups of infants, aged 11 and 17 months, respectively, when the study began, were observed at monthly intervals over a 6-month period. Videotapes of mealtimes were subjected to detailed analysis that included extracting data on the following: hand use, grip pattern, visual monitoring, movements involved in the action, activities of the contralateral hand, spoon trajectory, temporal structure of the action, and so on. The emergence of competence was examined through comparisons within and between the groups. The acquisition of a tool-using skill is discussed in terms of the emergence of strategies to solve particular problems and the increasing consistency and reliability with which these are deployed.
The term skill refers to expertness, to a facility in doing something. Skills are practiced abilities that show deftness, dexterity, and confidence in performance; they are goal-directed actions. The essential features of skill become apparent through a few examples. Consider a craftsman or craftswoman at the workbench using tools to fashion an object, a person engaged in a ball game such as tennis, a surgeon performing an operation, and you the reader eating your dinner with the customary cutlery. A property common to each of these situations is that the person performing the action has to match the demands of the task to his or her capacities, and this is done by applying a method, as often as not called a strategy, of performance. For example, the craftsman or craftswoman shaping wood into a particular form does so by manipulating tools that he or she has selected for the purpose. Through the tools the operator exerts forces and by so doing forms the object. Tennis, surgery, and dining are in certain important respects similar to each other, and in common with all skills they entail both knowing what and knowing how. The strategies that a performer employs are not usually concerned with single responses to stimuli but with programs of action that project forward from the situation in which they are initiated to a future goal.
In his insightful analysis of skill, Bartlett (1958) pointed out that there is a continuous flow of signals, which arise outside the performer and which are interpreted into actions. These actions in turn lead to further signals and so to further action. Skill thus implies a transaction between the performer and the environment, and to understand skilled performance it is necessary to understand the nature of the organism-environment interaction with regard to the specific context and the goal in question. Skills are always jointly determined by the organism, the task, and the precise environment in which the actions take place. The environment supports the action. This implies that Correspondence concerning this article should be addressed to Kevin Connolly, Department of Psychology, University of Sheffield, Sheffield S10 2TN. England. even relatively minor changes in the environment may have consequences for skilled performance; thus as the environmental context changes so do the consequences of the organism's actions. This fundamental feature of skills means that if the goal is to be reached, the overall action program or plan must be flexible. In one sense a skill is driven by the goal and the actions must be continually adjusted as required. In essence, skilled performance is about the relationship between ends and means.
What one generally thinks of as a skill-for example, playing the piano, walking, typewriting-are all sequences of organized action. Movements are essential for all of these skills, but specific movements are not the defining characteristic of skilled action because of the necessary flexibility to ensure that the goal is attained. I can write the initial letter of my name with my left or right hand, or if necessary with a pencil held between my teeth; the product within certain limits is the same, but the movements used are quite different. When I pick up and put down a teacup in the course of drinking, from occasion to occasion the movements are similar but not identical (Connolly, 1975) . The essential point is that skilled motor behavior has a cognitive dimension, and as Bartlett (1958) and Bernstein (1967) agreed, it is fundamentally a problem-solving exercise.
The strategies of performance, that is the means used to achieve goals, become more efficient in the course of practice. In the adult, it is the strategies rather than the underlying basic capacities that are amenable to training, though in the case of infants and children many of the underlying basic capacities are also changing, and these may in turn affect the level and quality of performance (Connolly, 1970 (Connolly, , 1986 . In general terms we know how practice affects performance. For improvements to occur as a consequence of practice, individuals require information about their performance; in fact they need feedback. The information obtained from feedback is used to organize or reorganize the components that make up the program into larger units. These units gradually become automatic in that the individual no longer needs to devote conscious attention to them so that they may be produced accurately and reliably. As units coalesce into larger ones, the action program is composed of correspondingly fewer components. This leads to the action itself becoming smoother (less variable) and often requiring less time to run off. Another feature of skilled performance is the phenomenon of transfer, in which features or strategies that are part of one skill affect, usually by facilitation, a skill that is acquired later. With regard to development, Bruner (1970) and Connolly (1970) both used the concept of subroutine as a theoretical construct to describe how skills are built.
Tools and Tool Using
A tool is a device for working on something. Without tools some actions may be impossible to carry out or at least very difficult to perform. Tools thus serve as extensions of the limbs and enhance the efficiency with which skills are performed. For example, the invention of the lever made it possible to apply forces previously impossible for an individual to exert. Although we shall be concerned only with tools used to perform skilled motor actions, there are also tools that serve to extend the senses and the mind (Gregory, 1981; Waddington, 1977) . There are important interrelationships between the properties of tools, which are afforded by their form and by the materials from which they are made on the one hand and the functions that they serve on the other. For example, the principal purpose of a knife is to cut, and for this an edge is required. How sharp the edge needs to be depends on the material to be cut.
The use of an object by an animal as a means of achieving a goal is commonly regarded as an indication of intelligent adaptability. In the context of evolution, particularly human evolution, tool using, tool modification, and especially tool making are of great interest because they indicate something of the mental activity and cognitive capacity of the individual. In fact, Oakley (1962) linked the emergence of man with the appearance of tools in the archeological record. However, despite the widely acknowledged importance of tool using, we still lack a clear and agreed upon definition, and the adaptive significance of tool using in primates is poorly understood. Goodall (1986) , in reviewing the literature on tool using in primates and other vertebrates, used the following definition: "To be classified as a tool an object must be held in the hand (or foot, or mouth) and used in such a way as to enable the operator to obtain an immediate goal" (p. 536). With this definition some insects qualify as tool users. The best known example is probably the solitary wasp Ammophila, which having laid an egg in a burrow has been known to employ a tiny pebble held in its mouthparts to tamp down the surface around the burrow. As Hall (1963) pointed out, the term tool using is applied commonly to very many different performances, which has led to a glossing over of fundamental differences. There is no wholly agreed upon definition of tool use, and in the absence of a suitable theoretical framework, it is hardly surprising that different investigators classify quite different sorts of object manipulation as tool use.
A typology of object manipulation that can be applied to all animals has been proposed by Parker and Gibson (1977) . This scheme, which is based on criteria drawn from Piaget's model of sensorimotor intelligence, enables many of the confusions about tool use to be avoided. Parker and Gibson distinguished five categories of object manipulation that are directly related to tool use. They are as follows: (a) simple prehension-grasping an object in one or both hands or some other part of the body such as the mouth; (b) simple object manipulation-coordinated manipulation of one object with one or both hands (or other body part), or the sequential manipulation of two objects with one hand. Transferring an object from hand to hand, or uncovering an object and then grasping it with the same hand provide examples; (c) object-substrate manipulation-manipulation of an object relative to the substrate. Banging an object on the ground, or washing an object in water are examples; (d) complex object manipulation-manipulation of one detached object relative to another which results in a change of state of one or both objects. Examples are hitting one object with another, raking in one object with another, or opening one object with a second employed as a lever; and (e) social object manipulation-manipulation of an object relative to others but without direct physical contact between the object and other animals. An example is an object used in a threatening display.
Tool use is a purposeful, goal-directed form of complex object manipulation that involves the manipulation of the tool to change the position, condition, or action of another object. Parker and Gibson (1977) went on to distinguish true tool use from proto tool use. The banging of nuts on a hard surface or washing sweet potatoes, both of which have been described in monkeys, are examples of proto tool use. The essential difference between true tool use and proto tool use depends on the relationship of the object and the agent of change. In true tool use, both the object and agent are detached and manipulated; in the case of proto tool use, only the object of change is detached and manipulated.
The Development of Tool Use
Although there has been, relatively speaking, a great deal of interest in tool using from an evolutionary point of view (Beck, 1980; Goodall, 1970; Gowlett, 1984; Hall, 1963; K6hler, 1925; Lancaster, 1968; Lethmate, 1982; McGrew & Tutin, 1973; McGrew, Tutin, & Baldwin, 1979; Oakley, 1972 Oakley, , 1975 , there has been little from an ontogenetic perspective. A number of incidental observations have been reported, but there are few direct studies of the acquisition of tool-using skills in young animals or children.
One of the most widely used tools, and probably the first tool to which the majority of children are introduced, is the spoon. Spoon feeding begins usually in the second half of the first year, the infant being fed by an adult. Gesell and Ilg (1937) , in their monograph on the feeding behavior of infants, provided a description of the young child learning to use a spoon. Initially the child watches the spoon, although its gaze shifts to the dish and back again to the spoon. At first the mouth opens in response to the spoon touching the lips, but quite soon it opens in anticipation of the spoon's arrival. Emptying the spoon is difficult. It is achieved by the adult who is feeding the child, manipulating the spoon in the infant's mouth. The infant's tongue often projects as the spoon is withdrawn, which suggests that even at this early stage the tongue is actively engaged in emptying the spoon, at least in a rudimentary fashion.
During the third quarter of the first year, the infant reaches for the spoon with an open mouth, rather than with the hands that remain fisted at the shoulder or resting on the table (usually of a high chair) on which the food bowl is placed. In approaching food, the child's head precedes the hands and the mouth opens before the spoon is presented to the lips. At this stage the child tends to remove food from the spoon by pressing the lips onto the spoon and drawing back the head.
As those familiar with young children are aware, much goes on in the complex and rich interaction between child and adult in the context of feeding. Around the end of the first year, the child is frequently given a spoon to play with while being fed. Because the child often reaches for and attempts to take the spoon used for feeding, a simple way of dealing with this is to provide another spoon. The child manipulates its spoon in various ways. It may be passed from hand to hand and occasionally placed in the mouth. It may be placed in the dish, and is sometimes left there. At this time the infant quite often pokes an index finger into the food dish and sometimes attempts to grasp food in the fingers.
Feeding during the second year is characterized by a gradual increase in self-dependence and competence. Around 12-15 months of age most children demand to feed themselves. At this stage, according to Gesell and Ilg (1937) , handedness is not yet established and the grasp on the spoon tends to be pronate (the palm facing downwards). Filling the spoon causes great difficulty and often requires adult assistance; the child simply engages in an ineffective dipping-in motion. In lifting, the wrist is frequently rotated inwards, which causes the spoon to turn upside down. The way in which the spoon is grasped also shows variation. A few children show a well-controlled radial grasp, holding the handle of the spoon between the distal phalanx of the thumb and index finger. More commonly the grip is palmar, with the handle of the spoon resting between the thumb and index finger and locked by the palm. Toward the end of the second year, the manner in which the spoon is transported to the mouth changes.
The gradual, almost halting acquisition of the skill of using a spoon to feed is hardly surprising when the great complexity of the process is appreciated. As de Laguna (1927) put it, "The actual use of implements in the business of life is a very complicated sort of business. It is made up of a great number of elementary acts, which enter as constituents in the larger complex activities" (p. 226). The complexity of tool-using behavior is also brought out in studies of the acquisition of "anting" and termite-fishing in chimpanzees (Teleki, 1974) . McGrew et al. (1979) provided an account of the development of termite-fishing in the Gombe chimpanzee population. Infants under 2 years of age show all the elements of the behavior in rudimentary form. They eat termites, poke on the surface of a termite mound, and so forth. Between 2 and 4 years of age, the infants poke into mounds or holes and snatch their mother's tools. Over this period the sequential integration of the components gradually improves. Detailed descriptions of the ontogeny of toolusing behavior in chimpanzees were also provided by Nishida and Hiraiwa (1982) . They saw termite-and ant-fishing and antdipping as developing through a series of stages as follows: (a) manipulatory play, (b) tool manufacture, (c) motor control of the tool, (d) knowledge of the tool, its quality and the efficiency of its use, and (e) the motor skill involved in dealing with the antipredatory behavior of the insects.
In a rare study, Kellog and Kellog (1933) explored the nature-nurture question by bringing up an infant chimpanzee with their own infant son. The ape was treated in all respects as a human infant. One aspect of the study concerned learning, and one example on which they reported was the acquisition of a tool-using skill, namely, eating with a spoon. The chimpanzee was given a spoon at mealtimes when 10 months old, at which point the child was 12 months old. By 13 months the ape had made good progress, and a week or two later was "eating by herself quite well" (Kellog & Kellog, 1933, p. 219) . The child could manage the spoon only when helped until 18 months of age. The chief difficulty the chimpanzee experienced was in loading the food onto the spoon. The child had less difficulty with this, but frequently failed to keep the bowl of the spoon level while transferring it to the mouth, and consequently the food was spilled.
In these descriptions of human and chimpanzee infants acquiring a tool-using skill, it is not difficult to see basic commonalities in the process. Moreover, it is not difficult to understand why Bartlett (1958) argued that there was no sharp distinction between physical actions and thinking. The development of knowledge can be construed as constructing more elaborated and increasingly flexible actions; the smoothed-out acts themselves become the subroutines or constituents of even more extensive and complex actions. In the case of the child, looking and reaching are combined into grasping, after which objects are passed from hand to hand, and then objects are used to accomplish daily tasks. In this way, simple and then elaborate tool-using skills are constructed.
Task Analysis
Action has two aspects; the intentional, which is the purpose or goal that must be accomplished, and the operational, which is concerned with how the goal is to be attained. Skilled actions are purposive, and their existence implies an intention on the part of the performer. The concept of intention has proved a difficult one for psychologists to handle, and a number of questions arise. For example, how do intentions develop from a state where they are not yet present? Under what conditions is it reasonable to assume that an infant's actions are goal directed? How can we confirm or deny the existence of an intention? In his essay on the will in young children, Preyer (1888) argued that the expression of will is first recognized in movements, and he listed the characteristics of willed movements. He distinguished four types of movement made by the young child: impulsive, reflexive, instinctive, and ideational. The will is reflected in ideational movements, the lowest form of which is imitative movement. "When a child imitates," says Preyer, "it already has a will" (p. 282). He noted imitations in the fourth month, especially of mouth movements and postures. More recent investigations have reported imitation in younger children (Meltzoff & Moore, 1977 , 1983 . The general capacity certainly exists before the end of the first year, when the observations to be reported were made. The appearance of intentions and purposive actions are emergent developmental phenomena. As Valsiner (1987) put it, the development of action, Starts from a state of no intentionality and goal directedness and is canalised towards culturally acceptable and prescribed forms of goal-setting and goal-attainment, as well as towards the cognitive construction of intentionality as a psychological device that underlies human actions in their adult form. (p. 147-148) The goal of the interaction between adult and child in feeding is to transfer food efficiently from the food dish to the infant's mouth, while at the same time meeting certain social demands and cultural expectations. Initially this is wholly under the control of the adult, but control is gradually transferred to the child as the skill develops and cultural constraints are learned. Essentially there are three ways in which the food may be transferred from the dish to the child's mouth. The child can take his mouth to the dish, but this is both inefficient and culturally unacceptable. A second way, again not very efficient but commonly observed, is for the child to transfer food directly by fingers. The third, and most usual method, is to transfer food with a spoon. With respect to the infant, Gesell and Ilg (1937) described the task well.
One of the basic developmental problems of the human infant is to use his hand adaptively, to grasp food, and to manage implements for conveying food through the short but troublesome route from hand to mouth. The beginnings of self-feeding by hand in the very primitive child would make a fascinating evolutionary tale if it could be reconstructed. The introduction of cooking and the development of feeding utensils are important chapters in the history of civilization. Cup and spoon are sufficiently sophisticated implements of culture to come into conflict with the infant's capacities. There is a discrepancy between his immature equipment and the demands of adult culture, (p. 33) Any attempt to answer the question-how does an object become a tool?-requires at least a rudimentary task analysis. Infants encounter spoons in the context of feeding. There are several ways in which an infant might eat, but in fact the circumstances are usually highly constrained and the infant's behavior is canalized by the powerful social context provided by the adult. Valsiner (1987) has described in some detail how the culturally acceptable and prescribed forms of behavior are imparted to the child through interactions with the adult who is directing and orchestrating the whole process of the child's meal. In Kaye's (1982) terminology, the adult provides a "frame" within which the child is able to order and organize actions.
The simplest analysis of what the task of eating with a spoon entails must include the following: (a) an intention to eat, which involves the child's motivation; (b) some knowledge about the properties of the spoon as an implement with which to effect the transfer of food from dish to mouth; (c) the ability to grasp and hold the spoon in a stable configuration; (d) the loading of food onto the spoon; (e) carrying the loaded spoon from dish to mouth; (f) controlling the orientation of the spoon during this transfer to avoid spillage; and (g) emptying the spoon and extracting it. Requirements a and b relate to intentional aspects of the skill, whereas c through g are concerned with operational aspects. This article is devoted to the operational aspects of a tool-using skill and how these develop-in other words, to how these problems are solved and how the solutions emerge.
Method

Pilot Study
The overall aim of the work presented here was to describe the general patterns of behavioral change that occur as an infant acquires a specific tool-using skill-in this case the use of a spoon. Two questions arise immediately. First, over what period should the changes be investigated? Second, what are the principal behavioral elements that need to be described and measured? It is quite possible that some significant events related to acquiring functional skill in using a spoon occur before the child ever grasps a spoon. Also it is likely that processes leading to mastery will go on for a long time. The problem thus is one of selecting a time frame that is likely to encompass most of the major changes and yet remain manageable. Similarly any investigation entails making decisions about which variables to record and measure, the suitability of which may change over time. Some indications with respect to both of these questions are to be found in the remarks on spoon use by Gesell and Ilg (1937) in their monograph on infant feeding. The second year appears to be the time when major changes take place. Few infants are using a spoon even in a rudimentary fashion before the end of the first year, but most have some discernible competence by the end of the second. Factors that are associated with the emerging skill include handedness, where the spoon is grasped, the type of grip used, the strategies used in filling the spoon, and the control of the spoon's orientation during its passage from dish to mouth.
A pilot study was undertaken with a sample of 12 infants (9 female, 3 male) whose ages ranged from 10 to 58 months. The children, who were recruited from among acquaintances and contacts at a nursery school, were visited in their homes, and video recordings were made of mealtime sessions. Each recording (19 in all) lasted for about 15 minrather longer in the case of the younger children, and generally a little shorter in the case of those over 36 months of age. These recordings were then repeatedly examined, and what appeared to be the major dimensions of change were identified. These were then systematically examined on each of the tapes until a set of variables was defined and methods of measurement devised.
From the pilot observations, it seemed clear that substantial changes take place during the second year. This period was chosen therefore as a suitable and manageable sample, which should permit the principal changes to be broadly mapped. Another methodological question concerned the "pieces" of behavior that were to be extracted from the video recording for detailed analysis. The spoon is used as a tool for transferring food from dish to mouth, and in the course of a meal this operation is repeated many times until either all the food is eaten or the child gives up. A transit from dish to mouth was arbitrarily defined as a "unit of feeding behavior." In the main study, 10 such units were analyzed for each child, in a series of monthly samples. The figure of 10 was chosen with the following considerations in mind. First, considering the time required to repeatedly view the tapes and extract the data, more than 10 units would have made for great difficulties in coping with the 16 children recorded each month. Second, the younger children, around 12 months of age, often produced only a small number of units in a session. A sample greater than 10 would have given rise to some marked discrepancies in the data set at different ages. A check on the adequacy of a sample of 10 units was made by comparing data collected from samples of 10, 20 and 30 units within a single session for a given child. No significant differences were found between these samples for a particular infant, indicating that 10 units provided a satisfactory sample for an individual within any given monthly session. However this comparison could be made only on the older infants, because only they produced a sufficient number of units in a session. The analyses to be reported are based on the first 10 units produced by a child within a recording session. 
INTER-DIGITAL CRIP
Design of Main Study
Given the very considerable variation between infants, a cross-sectional design taking infants who differed in age by 1 month (e.g., 5 infants at each of 12, 13, 14, and 15 months) was plainly unsatisfactory. Two groups of infants were therefore selected, and repeated measures were made on each at intervals of 1 month over a period of 6 months. Thus, one group of infants was recorded at monthly intervals from 12 to 17 months and a second group at monthly intervals from 18 to 23 months. A total of 96 tapes was made, 6 for each of the 16 infants. The children were recorded either at lunchtime or teatime, depending on which was convenient for the mother, but the same time was used consistently throughout the study for a given subject.
Subjects
Two groups of children were recruited through contacts made first through child welfare clinics and playgroups and then through a network of friends and acquaintances with young families.
In the younger of the two groups of infants, there were 6 boys and 2 girls; each aged between 11 and 12 months when the study began. One girl and 5 boys were singletons, the second girl had one younger and one older sibling, and the remaining boy had an elder sibling. All were their mother's natural children, and all had fathers living at home. Fathers' occupations were professional or managerial. In the older group there were 4 boys and 4 girls; each aged between 17 and 18 months when the study began. Three of the boys had elder siblings, one had a younger sibling. Two of the girls had younger siblings, one had two older siblings, the remaining girl was a singleton. All were their mother's natural children except for the last mentioned girl, who was adopted. All the fathers were living at home, and again all had professional or managerial occupations. All 16 infants completed the 6-month study.
Procedure
Each infant was visited once a month, and a video recording was made of the child eating a meal. The infant was placed in his or her usual chair-in each case this was some form of high chair-and was provided with the utensils that were customarily used. All of the children used a standard teaspoon. A mirror was placed behind the child at an angle of 45° to the medial plane. A portable video camera and recorder were placed in front of the child at a distance of about 10 ft. The camera, fixed on a tripod and fitted with a zoom lens, was so focused that the child-including the reflection in the mirror, which provided a side view-filled the visual field. Having focused the camera, the observer took up a position outside the child's field of view in order to avoid being a distraction.
The mother sat to one side of the infant's chair, the side opposite the mirror, and was asked to "carry on just as you usually do as if I (the observer) were not here." The only constraint specified, concerned the consistency of the food; mothers were asked to give their infants food of a similar, semiliquid, consistency at each of the mealtimes that was to be recorded. This request was merely to ensure that the task was similar over the 6 months of the study and that a spoon was an appropriate tool. Minced baby food is of a consistency that makes a spoon appropriate so the constraint presented no difficulties for the mothers.
If a child did not produce 10 units of behavior (transit from dish to mouth), a second, and on occasion a third, recording session was promptly arranged to follow as soon as possible. This was usually managed within 2 or 3 days. In one or two cases, particularly with the younger group at the outset of the study, it was not possible even after 3 sessions to obtain 10 units. In the younger group, despite repeated visits, no units could be obtained from one child in Month 6 and from another in Months 4 and 5.
Behavior Categories and Measures
From an analysis of the tapes made in the pilot study, a set of behavior categories and measures was devised. The video system operated on 50 Hz, and because single "frames" were used in the analysis, the temporal resolution was 20 ms (to the nearest frame). The operational definitions of the behavior categories are provided below. These were extracted from the records for each unit of feeding behavior analyzed.
Hand used. Whether the spoon was held in the left or right hand, or very occasionally both hands were used to hold the spoon, was recorded.
Grasp employed. Grip patterns can be defined in terms of the anatomical configuration of the hand (Connolly & Elliott, 1972) . Four dimensions were used to do this.
1. A grip may involve holding an object in the palm of the hand, in which case it is a palmar grip, or the digits only may be involved, in which case it is a digital grip.
2. A grip may or may not involve the opposition of the thumb. Opposition of the thumb is accomplished by medial rotation at the metacarpal joint, together with flexion and abduction. Flexion alone does not qualify as opposing the thumb, although flexion of the thumb can bring it into contact with the lateral surface of the index finger. This is known as pseudo-opposition (see Napier, 1961) .
3. In a grasp, the digits may be tightly clenched or lightly flexed; the distinction is not exact. Functionally, tightly clenched digits lack mobility; if the degree of flexion precludes independent finger movements, then the grip is clenched.
4. The orientation of the spoon in the hand varies from grip to grip. The spoon may project medially (from the radial side of the hand), laterally (from the ulnar side of the hand), or distally (along the long axis of the hand). The way in which a spoon is held in the hand imposes constraints and creates affordances with respect to manipulation. From the pilot observations, some 11 different grips were distinguished. The classification is similar to that used by Connolly and Elliott (1972) in investigations of another tool-using activity (painting with a brush) among 3-5-year-olds.
The grip patterns illustrated in Figure 1 are defined as follows.
Adult grip (A).
The spoon is held between the pulp surfaces of the opposed thumb and index finger, which may or may not be curled around the handle of the spoon, and lying along the lateral surface of the third digit. The spoon projects from the hand ventrally. This grip permits the spoon to be manipulated by rotation of the wrist and supination of the forearm. The digits are held loosely, and intrinsic movements are possible. Intrinsic movements (Elliott & Connolly, 1984; Landsmeer, 1962) permit the movement of an object within the hand itself. The gain that follows from this is not in the precision of movement as such, but rather in the variety of movements that are available. Functionally, this grip leads to convenience and economy of action.
Adult clenched grip (AC)
. This is similar to the adult grip, but the fingers are tightly flexed. The curling of the fingers into a clenched form prevents intrinsic movements. The manipulation of the spoon must depend therefore on movements of the wrist. These are extrinsic movements; the object does not move relative to the hand (Elliott & Connolly, 1984) .
Ventral clenched grip (VC).
The spoon is held against the lateral surface of the index finger by the thumb, which is extended in a pseudoopposed position. In this clamped position, intrinsic movements of the spoon are not possible. The spoon projects ventrally from the hand, and the digits are tightly flexed into a clenched posture.
Transverse digital grip-radial (TDR).
The spoon is held across all of the fingers, usually at an angle. The ulnar digits tend to curl around the spoon handle, which serves to lock the spoon in position. The index finger may be extended or flexed back along the handle of the spoon. The spoon projects from the radial side of the hand and may be held between the opposed thumb and the tips of the fingers. When one eats with the spoon held in this way, the arm is prone. Some intrinsic movement of the spoon is possible.
5. Transverse digital grip-ulnar (TDU) . This is essentially the same as the radial form except that the bowl of the spoon projects from the ulnar side of the hand. When one eats with a spoon held in this way, the arm is supine. Some very limited intrinsic movement is possible.
Clenched transverse digital grip-radial (CTDR).
The spoon runs through the hand and projects on the radial side. The fingers are tightly flexed around the handle of the spoon. The thumb lies in the plane of the spoon and serves as a prop. Thumb and fingers are not opposed. This clenched grip does not permit any intrinsic movements. The arm is necessarily held prone when one eats with a spoon held in this configuration.
7. Clenched transverse digital grip-ulnar (CTDU) . This pattern is essentially the same as the radial form, but the bowl of the spoon projects from the ulnar side of the hand. When one eats with a spoon held in this manner, the arm is supine.
8
. Transverse palmar grip-radial (TPR).
The spoon is held at right angles to the digits, the bowl projecting on the radial side. The digits are tightly flexed around the spoon into a fist. The thumb is not opposed and may be extended or flexed into the fist. The clenched fingers serve to lock the spoon into the palm of the hand and make intrinsic movements impossible.
9. Transverse palmar grip-ulnar (TPU) . This is essentially the same as TPR, but the bowl of the spoon projects from the ulnar side of the hand. When one eats with the spoon held in this way, the arm is held supine.
Interdigital grip (ID).
The spoon is held between the pulp surface of the thumb, which is opposed to the tip of one other digit, usually the index finger. Although anatomically a precision grip (Napier, 1956 ), intrinsic movements are not possible because the grip has no dynamic stability. The grip is not functional, and it is very difficult to control the spoon, which in effect simply dangles. It may however be dipped into the food dish and lifted out again while held in this way.
11. Digital palmar grip (DP). The fingers are tightly flexed into the palm of the hand, and the spoon is held between the dorsal surface of the flexed digits and the palm of the hand. The thumb is extended, the ventral surface being pressed against the lateral surface of the tightly flexed index finger. The spoon is clamped, and no intrinsic movements are possible.
Position of the hand on the spoon. A spoon has a handle and a bowl; where it is grasped imposes limitations on how it can be manipulated and thus how effectively it can be used. Four positions were distinguished as follows: the bowl (B); the top third of the handle, nearest to the bowl (T); the middle third (M); and the lower third of the handle (E). If the end and the top of the spoon handle were visible, M was recorded; if the top of the spoon handle was covered by the infant's hand, T was scored; if the end of the handle was covered, E was scored.
Activities of the contralateral hand. The activities of the contralateral hand, the hand not being used to hold the spoon, were divided into two main classes-task related and non-task related, as follows: Task-related activities-(a) holding or steadying the dish; (b) pushing food onto the spoon in the dish; (c) taking food from the spoon and placing it in the mouth; (d) pushing food from the spoon into the mouth, the spoon being held close to the mouth; (e) holding the spoon against the mouth to aid in emptying; and (f) helping to lift the spoon to the mouth. Nontask-related activities-(a) hand held still on table top or in the child's lap; (b) hand held in the air, arm flexed at elbow, wrist and fingers usually extended; and (c) playing with the contents of the dish.
Although it was possible for more than one of these activities to be exhibited by the contralateral hand within a single unit, only one activity was recorded for each unit-that which occupied the majority of the time the unit was being performed. However, if a task-related activity occurred, it was always recorded because it was taken to indicate more advanced performance and a more sophisticated level of skill.
Movements involved in the action. The movements involved in the action were examined with respect to the four components of the task: filling the spoon, transporting it to the mouth, emptying it, and remov- ing the spoon from the mouth. The movements were classified as follows: finger movements, wrist flexion, wrist abduction, wrist rotation, elbow flexion, elbow extension, shoulder flexion, shoulder extension, shoulder abduction, shoulder adduction, moving the head toward the spoon, and moving the head away from the spoon.
In the case of filling the spoon, a number of patterns of movement (or strategies) were identified as follows: (a) The arm is abducted and the forearm adducted while the hand is at right angles to the body, (b) With a dipping-in motion, the spoon is lifted and lowered, sometimes repeatedly, into the dish, (c) A side-to-side motion follows across the dish in the frontal plane, (d) The spoon is moved in a scooping motion toward the infant, (e) The spoon is sometimes dropped into the dish and sometimes picked up from the dish.
Once the spoon has been put into the mouth, movements of the lips and tongue are used to remove food from the spoon, rather than arm, head, or body -novements. To decide which of these movements occurred in each component, the tape was repeatedly moved frame by frame over the relevant section until the observer was able to make a decision. It was not possible to observe directly the movements taking place as the spoon was emptied; therefore data on postural changes were collected. Postures were recorded in terms of four factors at two points in each unit; the first point was just as the spoon was about to enter the mouth, and the second just as the spoon was leaving the mouth. The change in posture provides an indication of the strategy used by the infant to empty the spoon. To find the positions where the spoon was just entering and just leaving the mouth, the tape was moved frame by frame. The four factors used in assessing posture are as follows: (see also Figure 2 ).
1. Position of the hand relative to the head. At each of the two points-just entering, and just leaving the mouth-the position of the hand relative to the head was recorded in either (a) front, (b) middle, or (c) side position. These positions are operationally defined as being within an angle of plus or minus 22.5° of the center line for each location, as shown in Figure 2a .
2. Position of the hand relative to the mouth. Again at each of the two positions-just entering and just leaving the mouth-the position of the hand was recorded as (a) level with, (b) below, or (c) above the mouth. The three positions are illustrated in Figure 2b .
3. Position of the elbow relative to the shoulder. The position of the elbow relative to the shoulder was noted at the two observation points, and one of three positions was recorded: elbow (a) at, (b) above, or (c) below shoulder level (Figure 2c presented to mouth; and (e) spoon entered mouth at 90° to the normal position.
Trajectory of the spoon from dish to mouth. From the pilot observations it was clear that in the case of the younger children the path between dish and mouth was by no means direct. From time to time, quite large directional errors, necessitating substantial corrections, were observed. In contrast, the older children rarely made large errors. A simple means of plotting the trajectory of the spoon and classifying directional errors was devised. An acetate sheet was fixed to the screen of the monitor, and the point at which the spoon was just leaving the dish (determined by adjusting frame by frame) was located and marked on the acetate sheet. The tape was then moved on in five successive frame (100 ms) steps, marking the point of the spoon again at each step. On some occasions, a directional change occurred within five frames, in which case the location of the spoon's tip was recorded for each of the five frames (20-ms sample).
Once the movement had been mapped by this sampling procedure, the trajectory of the spoon could be seen by connecting the points (see Figure 3) . The angles between adjacent points were measured and used as error scores. A criterion of < 135° was set for an error; an angle between successive points greater than this reflected no obvious change in direction. Some changes in direction were sharp, giving rise to a much jerkier path from dish to mouth; others were less sudden, and the movement itself was altogether smoother. Sudden changes in direction also tend to lead to food being lost from the spoon. Directional changes (errors) were therefore classified into one of three types: Type 1 errors, which entailed directional changes up to 45°; Type 2 errors, which involved directional changes between 45° and 90°; and Type 3 errors, which covered changes between 90° and 135°.
Visual monitoring of the spoon. The visual monitoring of the spoon between dish and mouth appears to be a significant component of the action plan that the child is constructing. It was apparent from the pilot observations that by 9 months of age the child would sometimes closely watch the approach of the spoon while being fed by the mother. Infants using a spoon to feed themselves follow the course of the spoon visually, but they also shift their gaze away from the spoon. The point at which the gaze shifts from the spoon provides a measure of the extent of visual monitoring.
By the time the child reached the age of 12 months, the transit of the spoon from dish to mouth almost always entailed the visual monitoring of the action; the position at which this ceased was operationally defined as the point at which the eyes were raised from the spoon and the gaze was directed elsewhere. The easiest way to measure the duration of visual monitoring would be by a time marker on the tape; however, such a device was not available when these observations were made. The alternative was to estimate the distance traveled by the spoon, rather than the time taken. The position of the spoon in relation to the child's body, at the point at which gaze was shifted from the spoon, was therefore noted on a scale between 1 and 7 (see Figure 4) . The scale was formed by dividing the distance between the top of the dish and the mouth into approximately equal intervals. Position 1 was in the dish, and Position 7 was level with the mouth.
As in the case of other variables, the tape was advanced frame-byframe in order to find the point at which the gaze was lifted from the spoon or hand. Termination of visual regard could usually be located in one particular frame. The position at which visual regard ceased was located for each of the 10 units analyzed per child per month.
Anticipatory mouth opening. Quite early, children anticipate the ar- rival of the spoon by opening their mouth. As children master the task of feeding, anticipatory mouth opening becomes a sure and integrated feature of eating. The point at which the mouth opened was assessed in the same way that visual monitoring of the spoon was measured; the position of the spoon, in relation to the child's body when the mouth opened, was noted. The tape was moved frame-by-frame until the mouth was just open, and at this point the position of the spoon was noted. A check was always made to ensure that the mouth opening was in anticipation of the spoon and not simply a yawn. This was done by running the tape at normal speed.
The temporal structure of the task. The efficient management of time, in the organization of components of an action, is an important dimension of skill acquisition. The times taken for the infant to fill, transport, and empty the spoon were recorded. The components were operationally defined as follows: (a) Time for filling was the time elapsed between the spoon first being placed in the dish to the spoon just appearing above the top of the dish on its way to the mouth, (b) Transit time was defined as the time elapsed between the spoon just appearing above the top of the dish to when it just reached the mouth, (c) Time to empty was defined as the time between the spoon just being placed in the mouth and its just being removed after emptying. The time taken by each of these components was measured by a stopwatch.
Interobserver agreement. Some indication of the adequacy and satisfactoriness of the various measures used, is provided by examining the agreement of two independent observers who analyzed the same sample of behavior. An untrained observer, but one who was familiar with the different behavior categories and the operational definitions used, analyzed two units of feeding behavior from each of 10 tapes (5 from the younger and 5 from the older group) selected at random from the 96 tapes made during the course of the investigation. This method of using an untrained observer gives a conservative estimate of interobserver agreement.
Interobserver agreement was determined by calculating the percentage agreement between two observers, for the data collected on a nominal scale (hand used, position on spoon, etc.) or the correlation between the two observations, Pearson's product-moment for ratio scales (time data) and Spearman's rho for ordinal scales (spoon regard). The results of these comparisons were as follows: hand used, 100%; grasp, 100%; position on spoon, 90%; activities of contralateral hand, 100%; movements-wrist, 68%; head, 82%; elbow, 78%; and shoulder, 60%; posture-hand relative to head, 75%; hand relative to mouth, 88%; elbow relative to shoulder, 89%; and angle of spoon to mouth, 93%; changes in direction of approach trajectory, r = .75; point when visual regard of spoon ceases, r = .63; position when anticipatory mouth opening occurs, r = .74; times-for filling, r = .91; for transporting spoon, r = .91; for emptying spoon, r = .50; total time to complete unit, r = .62.
Results
The results of the investigation provide a description of the changes that occur in certain parameters, as skill in using a spoon is acquired. In some cases the changes that take place are quite abrupt as, for example, when a new strategy is introduced. This is a qualitative change that also has a quantitative dimension as it comes to be used with increasing frequency. On other parameters, the changes are predominantly quantitative in character; for example, the way in which a component of the action is performed remains essentially the same although the speed of movement may change.
The design of the study permits two principal comparisons, between and within groups. The statistical analysis for each of the variables followed a standard form. In the case of ordinal data or data not normally distributed, the Mann-Whitney U test was used to compare the older and younger groups. Where the measure was time taken, the data from the older and younger groups was examined by an analysis of variance (ANOVA). Within-group change was examined by Page's L test, a nonparametric measure of trend (Miller, 1975) . Together, the between-and within-group comparisons permit the detection of factors that change during the second year; they also indicate something of the nature of any change, whether it is relatively sudden or whether it reflects small incremental shifts.
Complete data sets were obtained for the older group. For the younger group, complete sets were obtained for only 6 of the 8 infants. One child produced no units in Month 6 and another child no units in Months 4 and 5. For the purpose of statistical analysis, the incomplete data from the 2 children were excluded, giving two independent groups of 6 and 8 subjects. However, the mean scores given in the summary tables for the younger group are the means of all observations, that is, means of observations on 8 subjects during the first 3 months and 7 subjects during the second 3 months.
Hand Preference
A hand preference was operationally defined as one hand being used on at least 80% of the occasions recorded in the final month of the study, when the children were either 17 or 23 months old. On this criterion, all of the children showed a preference for one hand-13 for their right hand and 3 for their left. Table 1 shows the hand preference each month for the two groups. A between-groups comparison of the percentage of children showing a hand preference revealed a difference (U = 4, p = .008), indicating that the preference is less well established in the younger group. Page's L test failed to reach significance in either group. 
Grasp
The mean number of different grasps used by each group of children was obtained for each month of the study (see Table  2 ). A comparison of the two groups shows that the older group used significantly fewer grasp patterns (U = 6, p = .02). In other words, the older group displayed greater consistency in the manner in which the spoon was held. There was no significant trend within either of the groups.
All of the grasp patterns except the adult were observed. The frequency of the various patterns is shown in Table 3 . The most commonly used grip was the transverse palmar with the spoon projecting from the radial side of the hand; the younger group used this on 65% of occasions and the older group on 71 %. The second most frequently used grasp pattern was the clenched transverse digital with the spoon projecting radially for the younger group (12%) and the transverse digital with the spoon projecting radially for the older group (17%).
Position of Hand on Spoon
The number of different positions in which the spoon was held in the course of the 10 units analyzed, revealed no significant between-or within-group differences. The modal position on the spoon, for each month for the younger group, was the end of the handle. For the older group, the modal position varied; the middle of the handle was used equally often in Months 4 and 5, and in Month 3, it was the most common position.
Activities of the Contralateral Hand
Several of the categories of activity for the contralateral hand identified in the pilot study occurred very infrequently. For the purpose of analysis therefore, the activities were grouped into four classes: hand held on lap or table, hand held up, hand holding dish, and the remainder of the bimanual activities were col- lapsed into a single group. The frequencies of the various activities of the contralateral hand are summarized in Table 4 . The striking difference between the older and younger groups is the greatly increased involvement of the contralateral hand in taskrelated activities by the older group (U = 7.5, p = .03). The increase in task incorporation was at the expense of the contralateral hand being held up in midair, seemingly in some balancing posture. When within-group changes were examined, the only significant trend was in the older group in respect to holding the dish (L = 628, p < .05). The mean number of different activities by the contralateral hand was greater in the older group (U = 0.5, p < .001; see Table 5 ).
Movement Strategies Used
To discover which of the movement strategies were used most in each of the four components of the task, the frequency of occurrence was calculated for the two groups of children. The most utilized and the second most utilized movement strategies are shown in Table 6 . The movement strategies of the older group are more consistent and stable in that two of them cover a much greater proportion of the units than is the case in the younger group.
Comparisons between the groups on the two most used movement strategies in each of the four components of the task revealed the following differences: For filling, wrist rotation was used more by older group (U = 2.5, p = .002), and the dippingin strategy was used less (U = l,p= .002). For lifting the spoon from dish to mouth, the older group used an elbow flexion strategy more often (U = 1.5, p = .002). No other between-group differences were significant.
Comparisons within groups were made using Page's L test. The predicted directions were determined by examining the two most utilized categories to see whether an increase or decrease had occurred. The significant changes within groups and between groups in the movement strategies used are summarized in Table 7 . It is apparent that the children in the older group are more consistent in their use of certain movements than are the younger children, suggesting the emergence of a "plan" by which the action is organized.
The movements involved in emptying the spoon were inferred from postural changes. Four features of the hand-spoon posture were recorded: the position of the hand relative to the head, the position of the hand relative to the mouth, the position of the elbow relative to the shoulder, and the angle of the spoon to the mouth (Figure 2 ). For the first three of these variables, one of three possible categories was recorded (see Method section), when the spoon just entered and just left the mouth, giving 9 possible pairs in each category. In the case of the position Increase (517) Increase (508) Decrease (630) Increase (486) Increase (477) Increase ( 
with), 2m
Note. The increases and decreases indicated are all significant atps .05, except for (increase) which is significant at p = .06. The figures alongside the within group comparisons are values of Page's L statistic, those alongside the between group comparisons are values of Mann and Whitney's U statistic.
mouth. Is (elbow at), 2s (above), and 3s (below) refer to the position of the elbow relative to the shoulder. N = bowl of spoon in correct orientation (normal); U = bowl of spoon upside down; S = side of spoon presented to mouth; f = bowl of spoon presented flat against mouth (90°t o normal position); b = back of bowl presented to mouth. (485) Decrease (483) Increase ( of the spoon relative to the mouth, five positions were distinguished, which gives 25 possible combinations (see also Figure  2 ). Only one change in posture for each category was possible in each task unit. To determine which of the possible categories was used most frequently, the mean number of occurrences for each was calculated. The most utilized and next most utilized categories are shown in Table 8 . Comparisons within groups using Page's L test, and between groups using the Mann-Whitney U test, were made. The significant changes (p < .05) and those approaching significance (p = .06) are shown in Table 9 . No significant differences were found between the two groups with regard to the number of posture changes observed, indicating there was no increase in consistency with respect to the strategy used to empty the spoon.
Movement Trajectory From Dish to Mouth
The frequency of Types 1, 2, and 3 errors over successive months in the two groups is shown in Figure 5 . The older group of children made no Type 1 errors. Differences between the two groups in mean error scores were significant (U = 4, p < .01). The decline of Types 1,2, and 3 errors in the younger group was significant (L = 505, 502, 520, p < .01) and of Types 2 and 3 errors in the older group (L = 671,688, p < .01). These changes in error pattern indicate a steady change in the trajectory of the spoon between dish and mouth; the path becomes smoother.
Visual Monitoring of the Spoon Between Dish and Mouth
The infants watch the spoon as it moves from dish to mouth; the extent of this visual monitoring is indicated by how far up the body it is maintained (see Figure 4) . The extent of visual monitoring shown by the two groups of children is given in Table 10. The higher the number, the longer the visual monitoring. The difference between the two groups approached significance (U = 9, p = .06), and in general the older group watched the spoon over a longer portion of the journey from dish to mouth. Additionally, within the older group there was a significant trend in visually monitoring the spoon for a longer period of time (Z. = 662, p < .01). The mean number of different positions at which the infants ceased to visually monitor the spoon as it was carried from dish to mouth is shown in Table 11 . There was no significant difference between the two groups, but the older group did show a significant decreasing trend in the number of positions at which visual monitoring ceased (L -637, p < .05). This change indicates an increasing consistency in the behavior of the older group.
Anticipatory Mouth Opening
As with other skills, eating involves anticipating components of an action program; one such component is opening the mouth in expectation of the spoon's arrival. The point at which anticipatory mouth opening occurred was determined in a way similar to visual monitoring; the mean position at which this occurred was 4.45 for the younger group and 4.35 for the older. The difference is not significant. However, in the case of the younger group, anticipatory mouth opening became progressively earlier (L = 495, p < .05).
An alternative way of examining the data is shown in Figure  6 . The number of occurrences of anticipatory mouth opening at each position of the spoon up the body was obtained and expressed as a percentage of the total number of occurrences in a given month. In Figure 6 , this is plotted over four 3-month periods (12-14, 15-17, 18-20, and 21-23 months) . This shows more clearly the nature of the change that is taking place. In the older group, anticipatory mouth opening took place predomi- nantly around Position 4. In the case of the younger group, the position was more variable. This change reflects an increasing consistency in this aspect of the action.
Relationship Between Anticipatory Mouth Opening and Visual Monitoring
Visually monitoring the transport of the spoon from dish to mouth and anticipatory opening of the mouth are features of the whole action. How do they relate to each other? Figure 7 shows, for the younger and older groups, the percentage of occasions when anticipatory mouth opening occurred before visual regard of the spoon ceased, after it ceased, and when the two occurred simultaneously. It appears there is a systematic change. With increasing age, there is a tendency for the visual monitoring to continue until the mouth has opened in anticipation of the spoon arriving. It is as if the transit of spoon from dish to mouth is monitored visually until the final section, which is cued by the anticipatory opening of the mouth. Table   12 shows the mean number of units in which visual monitoring continued until after anticipatory mouth opening. The difference between the younger and older groups approached significance (U = 9, p = .06), and the within-group trend for both the younger and older group was significant (Z, = 474 and 641, respectively, p < .05).
The relationship between anticipatory mouth opening and visual monitoring of the spoon is difficult to interpret. It may be due to unrelated changes in the two variables, or it may reflect an increasing and predictable integration of the features of the action. The latter seems more likely.
Temporal Structure of the Task
The time taken to complete a unit (from the spoon just entering the dish to just leaving the mouth) is shown rnonth-bymonth for the two groups in Table 13 . A two-factor ANOVA showed the difference between the two groups to be significant, F( 1) = 7.96, p < .025, the younger children taking longer to complete a unit than the older. There is no within-group effect Figured. Position on body where anticipatory mouth opening occurs in relation to age.
over the 6-month period and no interaction between groups and months.
One of the features of acquiring skill is that actions are performed more economically. An increase in efficiency is reflected in the increased reliability of the outcome, the increased precision of the movements, the expenditure of less energy, and in less time spent on the action. Economy with respect to time may not result in a reduction of the overall time taken, but rather in the redistribution of time between the components of the task. Figure 8 shows the distribution of time between filling, transporting, and emptying the spoon, as a percentage of the time required for the whole unit. A comparison between the two groups on the time devoted to filling the spoon shows that the difference approached significance (U = 9, p = .06). The older group devoted proportionally more time to filling. Time spent on transporting the spoon did not differ, although there is a suggestion that the younger group devoted an increasing proportion of the time to this aspect of the task. It is worth noting that this is negatively correlated with the trajectory errors, the path between dish and mouth becoming more direct and less halting. The difference between the two groups, with respect to the proportion of time devoted to emptying the spoon, also approached significance (U = 9, p = .06). The older children spent a smaller proportion of the time in emptying and removing the spoon. This reflects the development of effective movement strategies to accomplish the act.
Discussion
The data extracted from the video recordings suggests a systematic pattern of change in the way in which the spoon is used during the second year. First, there is increasing consistency in the action, for example, in the greater use of the preferred hand and in the use of fewer grasp patterns. Second, the way in which the task is addressed changes. For example, the contralateral hand becomes increasingly involved in task-related activities, and certain movement strategies are dropped and replaced by others as in the case of the dipping-in and side-to-side scoop techniques. The pattern of movement itself becomes smoother and more direct, and the visual monitoring of the spoon as it moves from dish to mouth is increased. As the skill is acquired, the time needed to perform a "unit" decreases and the distribution of time between the components begins to change. Fitts and Posner (1967) suggested that it was useful to think of three phases in the acquisition of skills. First, what they called a cognitive phase relates to individual ability differences. This phase corresponds to learning what, that is, learning what the task requirements are. The second phase they called the associative phase, which is concerned with the linking together of components into a coordinated action plan that matches the desired outcomes. This phase corresponds to learning how, that is, how to match the required standards. Finally, there is an autonomous phase, during which increasing practice leads to the mastery of components, which gradually leads to the overall action becoming automatic. In general terms, acquiring competence in using a spoon as a tool with which to eat must reflect such changes. The child gradually comes to solve a whole set of problems. These problems present increasingly specific requirements, which are met by the development of strategies to match them.
Eating with a spoon entails solving four principal problems: controlling the spoon in the hand, loading food onto it, transporting the loaded spoon from dish to mouth while maintaining a constant orientation to avoid spillage, and emptying food from the spoon into the mouth.
The establishment of handedness and manual specialization begins early and continues over a lengthy period (Young, Segalowitz, Corter, & Trehub, 1983) . In the case of the older group, the preference for using one hand is clear from the outset at 18 months. The preferential use of one hand for holding and manipulating the spoon reflects neurological changes as handedness and also the effects of differential practice become established. Preference and specialization serve to enhance an individual's ability to manipulate the tool in an action program.
Along with lateral preference, the reduction in the number of grip patterns used also makes a significant contribution to gaining control over the spoon. The increased consistency in the use of particular grasp patterns reflects the fact that some drop out of the repertoire, presumably because they are inefficient or inadequate to meet the task demands. The primary function of any grip is to hold an object in a stable configuration, although it may be a dynamic stability involving movement. Without stability, relative to the hand and the operation to be performed, a tool cannot be used effectively. To perform manual operations with an object, even the simplest form, such as picking up an object and transferring it from one location to another, entails the application of controlled force, movement of the limb to a particular location and, reduction and release of the force. In such a transfer task, the properties of the object influence the prehensile pattern through variables such as size and weight. An adult will pick up a small, delicate object in an altogether different manner from the way in which a larger, heavier one is grasped, because different control parameters are required. Considerations such as these suggest that the grip patterns shown by the infants can be usefully, if roughly, classified along two dimensions: rigidity/flexibility and appropriateness/inappropriateness. A grip that does not permit the manipulation of the spoon by intrinsic movements (movements within the hand) is a rigid grip, whereas one that does permit intrinsic movements is flexible. The dimension of appropriateness/inappropriateness relates to the constraints imposed by the grip in relation to the particular task. For example, a prehensile pattern such as the digital palmar grip allows the spoon to be held in a stable configuration, but it is extremely difficult to use a spoon held in this way. Similarly, the transverse palmar grip with the spoon projecting from the ulnar side of the hand is also functionally very limited. In contrast, the adult clenched and the transverse digital (radial) grips are functionally much more useful.
The two dimensions are not unrelated; rigid grips have the advantage of greater stability, and they are more primitive in that they appear earlier, certainly as functional components. To use a spoon efficiently, the grasp must afford the spoon stability in the hand, it must not block the route to the mouth or be anatomically awkward, and for aspects of the task such as loading the spoon, the grip should permit intrinsic movements. Conflicts arise between the demands of stability and the advantages afforded by the capacity to make intrinsic movements. When the grip patterns used by the younger and older groups of infants are classified along the dimensions of rigid/flexible and appropriateness/inappropriateness (Table 14) , an interesting but not surprising pattern emerges. Most of the grip patterns used are appropriate, rather more so in the case of the older group. The older infants also tend to use more flexible grip patterns. It is notable that even at 12 months of age, when most infants are only just beginning to use a spoon, there are already hand preferences and specialization in grip. This presumably indicates that events prior to actually beginning to use a tool influence the way in which the task is addressed. It is well-known that handedness shows signs of appearing early (see Michel, 1983) and that objects are grasped and manipulated long before the appearance of complex, coordinated action of the sort entailed in eating with a spoon. Controlling the spoon then, appears to be influenced by the increasing use of one hand and increased consistency of grip coupled with a shift toward more flexible and appropriate patterns. In relation to functional problems, the contralateral hand is increasingly used in the action itself, sometimes by pushing food onto the spoon, but most often in steadying the dish while the working hand loads the spoon.
In the early stages, the problem of filling the spoon does not seem to be apparent to the child, perhaps because it is at least one step removed from actually obtaining food. A feature of tool use is the deviation from a direct approach. The tool must be incorporated into the action. This involves the introduction of intervening steps and as such is cognitively more complex because longer routines are needed. In the case of the younger group, early in the study, children were sometimes observed putting their spoon into and out of the dish repeatedly, while taking food from the dish with their other hand.
The initial strategy with respect to loading the spoon consisted simply of dipping it into the dish. In some ways, this is reminiscent of the early stages of termiting in young chimpanzees (Goodall, 1986; McGrew et al., 1979) . It is not an efficient method because food is rarely transferred, but the action of dipping-in, although nonfunctional, shows that the child recognizes this as an essential part of the process of feeding. The intentional, if not functional, operational aspects of the action are evidently present at this early point. The dipping-in strategy gives way to a side-to-side scoop of the spoon across the dish, in which food is usually loaded onto the spoon by trapping it between the spoon and the side of the dish. The side-to-side scoop would be a less effective strategy on a flat plate. A method of loading the spoon that is more generally effective entails a wrist-rotating action, which results in the orientation of the spoon changing; the bowl of the spoon is in fact scooped round by this process.
The increasing involvement of the contralateral hand in helping to solve the loading problem is striking. Occasionally the fingers of the contralateral hand were used to push food onto the spoon. This shows that the child has a good appreciation not only of the goal but also of means to the end. The use of fingers however is generally discouraged by adults, and this direct solution gives rise to an indirect one when the dish is held steady by the contralateral hand while the working hand scoops the spoon across the dish, pushing food onto the spoon by trapping it against the wall of the dish. The results show an increase in the extent more distal movements are used in transporting the spoon from dish to mouth. For example, wrist rotation allows movements of greater precision than do the more proximal shoulder movements. In the early stages of learning to eat with a spoon, this part of the task is simply one of taking the spoon to the mouth. Later, when food is loaded onto the spoon, its orientation during the transit becomes important because unless it is maintained within certain limits the food spills. There is a tendency for the movement time to increase in the younger children, which suggests that greater control is being imposed. The gradual systematic smoothing of the movement trajectory that is evident in Figure   5 is almost certainly important in reducing spillage and thus allowing function to be incorporated.
In the older group there is evidence of increased visual monitoring over the 6-month observation period. This visual monitoring of the spoon as it is transported from dish to mouth probably helps to maintain the orientation and so reduce spillage during the movement. The gradual shift in the relationship between visual monitoring and the anticipatory opening of the mouth is interesting. It does suggest that the whole complex task of eating with a spoon is becoming more coherent and organized into a larger overall action program. Comparing the two groups at 12 and 23 months of age shows that both of these features are present in the youngest children, but by 23 months they are more stable and predictable; the variability in the position at which visual monitoring ceases and anticipatory mouth opening occurs is reduced. It is interesting to speculate that visual monitoring seems to be maintained until the spoon is within "the control zone" of the mouth when the action is completed as it were under the control of the terminal locus. However, this is simply conjecture; the correlation between the two events may not signal an underlying causal connection.
Shoulder flexion and head movements are increasingly used to empty the spoon once it is in the mouth. The younger children tended to bring the spoon up to the mouth with the hand approaching from the side of the head. This approach allows for relatively little adjustment of the angle of the spoon to insert it into the mouth. Until about 20 months of age, emptying the spoon takes the greater proportion of the total time to perform a unit. This suggests that the direct problem-that is, the component closest to the consummatory act-namely, offloading the spoon in the mouth, is the first to be tackled.
The repeated viewing of the tapes that was necessary to extract the data, also revealed other features. One of the most striking was that infants performed part of the spoon-to-dishto-mouth sequence. For example, they would commonly put the spoon into and out of the dish time after time. Sometimes they would move the spoon around in the dish as if trying to put food onto it, but then they would let go of the spoon or become distracted by something else. Sometimes the spoon was taken directly to the mouth, put in and taken out, often repeatedly, no attempt having been made to load food into it. Gesell and Ilg (1937) also observed that infants around 10-12 months old often played with a spoon while being fed, putting the spoon repeatedly into and out of the mouth. Repeated actions with the spoon in the dish or the spoon in the mouth appeared to be unrelated, and sometimes only one of them occurred within a session.
Other actions that the infant performed with the spoon were also observed from time to time. For example, the spoon was passed from hand to hand and back again; it was sucked; it was banged in the dish or on the table. Sometimes it was repeatedly dropped to the floor and sometimes used to rub the head. The occasional changes of grasp on the spoon were accomplished either by putting the spoon down and picking it up again or by holding the bowl of the spoon in the contralateral hand while readjusting the grip of the working hand.
The skill of using a spoon appears to be built in a broadly similar way by different infants in that the order in which the problems are addressed is the same. Initially, rudimentary actions with the spoon are observed, for example, dipping it repeatedly into the dish, banging it on the table, or putting it in and out of the mouth. These simple repetitive actions serve a number of purposes. They provide a means whereby the infant learns something of the mechanical properties of the spoon, and they also anchor the ends of the process, the dish with its food and the infant's mouth. No significant transfer of food from dish to mouth takes place.
The way in which the spoon-to-dish-to-mouth cycle arises relates to the child's concept of the spoon as a tool, and in turn obviously reflects the emergence of an intention. The intention to transfer food from dish to mouth using a spoon is reflected in the child's behavior as an action sequence appears and signals the first phase of skill acquisition. Initially the sequence is inefficient; the spoon is not loaded or barely so, food may be lost by spillage, and the spoon may be clumsily and inefficiently emptied. The techniques for filling and emptying lack specificity. They are the next to be elaborated and function is incorporated into the action, food is loaded on to the spoon, transported to the mouth, and there emptied into the mouth. Some subtle features are added about this time; the contralateral hand is used in steadying the dish, the spoon is subjected to close visual scrutiny, and most significant, correction routines appear. If the food is spilled en route to the mouth, the action sequence is halted, the child goes back to the beginning and reloads the spoon.
This process is summarized diagrammatically in Figure 9 . There appear to be four principal stages in the development of the skill: (a) the appearance of simple repetitive actions with the spoon; (b) the outline construction of the action sequence, spoon-to-dish-to-mouth; (c) the incorporation of function, the transfer of food by manipulation of the tool; and (d) the incorporation of correction routines, which are deployed when necessary. The appearance of these four stages is of course influenced by the acquisition of reliable and useful strategies with which to solve the constituent problems. The sequence thus lengthens from, for example, two actions-spoon into dish and spoon out of dish-to an elaborate and variable program that reflects environmental contingencies and changing consequences of the action itself. Flexibility in the operational aspects of the action sequence is now a distinctive feature.
The increase in the number of acts that make up the program and the change in the constitution of an act (as smaller components are welded together into larger functional units) are a consequence of, among other things, changes in the infant's capacity to process information. Of course, the mastery of components and eventually the emergence and consolidation of highly practiced and organized sequences serve to reduce processing demands and free attentional capacity for other purposes.
This descriptive analysis of a tool-using skill has been less concerned with movements than with the appearance of strategies for solving problems. Although movements are essential for skilled action, they are not in themselves defining features. Skills are about means-ends relationships in action; always there are various means to the same ends, some more efficient than others. The efficiency with which strategies are invented, deployed, and improved upon is a subject for further work. The analysis of skilled action in the manner outlined here may well be useful in a therapeutic context in that it may offer an approach to the construction of training programs for physically disabled children.
